An algorithm for use of Prasugrel (Effient) in patients undergoing cardiac catheterization and percutaneous coronary intervention (PCI) at the Brigham and Women's Hospital is presented. Our algorithm, which is in the process of being implemented, is consistent with published and generally accepted standards of care and is based on data from the pivotal Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition with PrasugrelThrombolysis in Myocardial Infarction (TRITON-TIMI) 38, which compared clopidogrel to prasugrel in acute coronary syndrome (ACS) patients undergoing PCI. Areas of focus include analysis of the benefit of prasugrel over clopidogrel in ACS patients and appropriate selection of patients for prasugrel treatment.
Introduction
Current guidelines recommend administration of dual antiplatelet therapy (DAPT), which includes aspirin and a platelet P2Y 12 adenosine diphosphate (ADP) receptor antagonist following percutaneous coronary intervention (PCI).1 These recommendations are based on data that compared to aspirin, or aspirin in combination with warfarin, DAPT reduces ischemic events following elective PCI for stable angina2 and urgent PCI for acute coronary syndromes (ACS). 3 , 4 Clopidogrel is the most widely used P2Y 12 inhibitor because it is better tolerated and has fewer side effects compared to the first generation thienopyridine, ticlopidine. Clopidogrel is a prodrug that undergoes hepatic cytochrome P450 system (CYP) activation to form the active metabolite. Only 10% of clopidogrel is converted to the active metabolite because esterases shunt the majority of the drug to an inactive form before conversion occurs. 5 Because of the time required for prodrug conversion to active metabolite, peak onset of clopidogrel action occurs up to 6 hours after administration of the loading dose.
There is considerable interindividual variability in the onset of action and the degree of platelet inhibition achieved with clopidogrel, and high residual platelet activity following clopidogrel treatment (hyporesponsiveness) is associated with adverse cardiovascular (CV) events in PCI patients.6 -10 Clopidogrel hyporesponsiveness is related to clinical and genetic factors that alter pharmacokinetics10 and diabetes, congestive heart failure (CHF), and obesity are associated with reduced clopidogrel efficacy.6 , 11 Several common polymorphisms that reduce CYP activity decrease hepatic activation of clopidogrel. Among persons treated with clopidogrel, carriers of reduced-function CYP2C19 alleles have significantly lower levels of active metabolite, diminished platelet inhibition, and higher rates of adverse cardiovascular events and stent thrombosis following PCI. 10 The prevalence of the CYP2C19 polymorphism in the general population is significant and ranges from 30-60% depending on ethnic background, and the prevalence of being a homozygote for a reduced function polymorphism ranges from 2-14%.12 -15 Furthermore, medications that inhibit CYP activity, such as specific proton pump inhibitors (PPIs), reduce clopidogrel conversion and have the potential to decrease clopidogrel efficacy by diminishing clopidogrel conversion to the active metabolite. 16 The potential for reduced clinical efficacy of clopidogrel in patients with CYP polymorphisms or in patients co-treated with certain PPIs has recently been addressed by the FDA in updated black box warnings that have been added to the clopidogrel package insert. 15 Several recent studies have demonstrated that clopidogrel hyporesponsiveness can be partially overcome by increasing the dose from standard dosing (300mg load and 75mg daily) to high loading (600 or 900mg) and/or high maintenance (150mg daily) dosing. These elevated doses have been shown to shorten the onset of action, reduce interindividual variability, and improve early outcomes without increasing bleeding.17 , 18 Recently, high loading and short term (7-day) high maintenance dose clopidogrel was associated with improved 30 day cardiovascular outcomes compared to standard therapy (300mg load and 75mg daily) without increase in TIMI major bleeding in the PCI subgroup of the Current OASIS 7 study.19 There was however a significant increase in severe and major bleeding using CURRENT bleeding criteria. Results from OASIS 7 should be interpreted cautiously because the benefit of high loading and maintenance dose clopidogrel was negative for the entire study cohort, and PCI subgroup analysis should be regarded as hypothesis generating. Further investigation in randomized trials will be required to definitively evaluate the efficacy and safety of high loading and maintenance dose clopidogrel following PCI.
Hyporesponsiveness does not appear to be a problem with many next generation P2Y 12 antagonists such as prasugrel that are more potent, have faster onset of action (<1hour), and have minimal interindividual variability. Prasugrel is also a prodrug that requires a single CYP-dependent conversion to the active metabolite, 5, 12 , 20 but in contrast to clopidogrel, prasugrel has more efficient absorption and rapid conversion to active metabolite. 20 Additionally, common functional CYP genetic variants do not affect prasugrel active drug metabolite levels, and prasugrel provides more uniform and more potent inhibition of platelet aggregation compared to clopidogrel.12 , 21 Prasugrel was approved in 2009 by the FDA as an alternative to clopidogrel for DAPT in ACS patients undergoing PCI based largely on the results from the Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition with Prasugrel-Thrombolysis in Myocardial Infarction (TRITON-TIMI) 38, which compared clopidogrel and prasugrel in ACS patients undergoing PCI. 22 Prasugrel Versus Clopidogrel in Patients with Acute Coronary Syndromes:
TRITON-TIMI 38 Design and Results
TRITON-TIMI 38 compared regimens of prasugrel and clopidogrel to test the hypothesis that an antiplatelet agent with greater potency and less-variable response would reduce ischemic events compared to standard-dose clopidogrel. 22 The study randomized 13,608 patients with moderate-to-high-risk ACS (10,074 with unstable angina or non-ST-elevation myocardial infarction and 3534 with ST-elevation myocardial infarction) undergoing PCI to prasugrel (60-mg loading, 10-mg QD) or clopidogrel (300-mg loading dose, 75-mg QD) for a duration of 6 to 15 months (median duration 14 months). The major efficacy endpoint was death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke ( Table  1 ). The major safety end point was non-CABG TIMI major bleeding ( Table 2 ). Major exclusion criteria included increased risk of bleeding, anemia, thrombocytopenia, a history of pathological intracranial findings, or the use of any thienopyridine within 5 days of enrollment. The dosing strategy in the study was such that a loading dose of study medication (60 mg of prasugrel or 300 mg of clopidogrel) was administered, in a doubleblind manner, anytime between randomization and 1 hour after leaving the cardiac catheterization laboratory. Since the protocol was designed as a trial of ACS patients who were undergoing PCI, the coronary anatomy had to be known to be suitable for PCI before randomization for patients with unstable angina and non ST-elevation myocardial infarction (NSTEMI). If the coronary anatomy was previously known or primary PCI for ST-elevation myocardial infarction was planned, pretreatment with the study drug was permitted up to 24 hours before PCI. ST-elevation myocardial infarction (STEMI) patients undergoing urgent PCI were treated with the study drug any time after consent and randomization. In the trial, one third of the STEMI patients were preloaded with study drug prior to PCI and the rest of the patients received study drug during the PCI or up to one hour after the PCI was completed. 23 Data are not currently available to quantify the number of STEMI patients that might have received study drug prior to defining the coronary anatomy with diagnostic catheterization.
The primary efficacy end point (death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke) occurred in 9.9% of patients receiving prasugrel and 12.1% of patients receiving clopidogrel (hazard ratio (HR) for prasugrel vs. clopidogrel, 0.81; 95% confidence interval [CI], 0.73 to 0.90; P<0.001)( Figure 1 ). There were significant reductions in the prasugrel group in the rates of myocardial infarction (prasugrel, 7.4% vs. clopidogrel, 9.7%; P<0.001), urgent target-vessel revascularization (prasugrel, 2.5% vs. clopidogrel, 3.7%; P<0.001), and stent thrombosis (prasugrel, 1.1% vs. clopidogrel, 2.4%; P<0.001). TIMI Major bleeding not associated with CABG was observed in 2.4% of patients receiving prasugrel and in 1.8% of patients receiving clopidogrel (HR for prasugrel vs. clopidogrel, 1.32; 95% CI, 1.03 to 1.68; P = 0.03). Also greater in the prasugrel group was the rate of life-threatening bleeding (prasugrel, 1.4% vs. clopidogrel, 0.9%; P = 0.01), which included nonfatal bleeding (prasugrel, 1.1% vs. clopidogrel, 0.9%; HR, 1.25; P = 0.23) and fatal bleeding (prasugrel, 0.4% vs. clopidogrel, 0.1%; P = 0.002). Summarizing the results of TRITON, for 1000 ACS patients treated with PCI, prasugrel vs. clopidogrel therapy (median duration 14.5 months) would prevent 22 major vascular events (mostly driven by nonfatal MI, Table 1 ) and cause 6 major hemorrhages, including 2-3 fatal bleeds. Post-hoc subgroup analysis identified less clinical efficacy and greater bleeding in patients with prior history of stroke or transient ischemic attack, in elderly patients (age ≥ 75 years), in patients with low body weight (<60 kg), and in patients undergoing urgent coronary artery bypass grafting (CABG)( Table 3 ). Importantly, TIMI major CABG-related bleeding rates were 13.4% with prasugrel vs. 3.2% with clopidogrel (Table 2) . Increased risk of bleeding in these subgroups resulted in an FDA black box warning stating that prasugrel should not be prescribed to patients with any history of stroke or transient ischemic attack (TIA) or to patients with severe liver dysfunction. 24 In addition, prasugrel is not recommended for elderly patients (age > 75 years) as this subgroup had increased risk of fatal and intracranial bleeding with uncertain benefit except in high-risk subsets (those with history of diabetes or prior MI).24 Prasugrel should also be avoided with concomitant use of medications that increase bleeding risk (i.e. warfarin) and should be used with caution in patients with low body weight (less than 60 kg). Reanalysis of the TRITON study demonstrated that when prasugrel is used in selected patients (age <75, weight ≥60kg, no history of prior TIA/stroke), the risk of the non-CABG TIMI major bleeding is improved (prasugrel, 2.0% vs. clopidogrel, 1.5%; HR, 1.24; P=0.17) while reduction in the primary CV endpoint is maintained (prasugrel, 8.3% vs. clopidogrel, 11.0%; HR, 0.75; P<0.001).25
The prasugrel dosing strategy examined in TRITON-TIMI 38 was a 60mg loading dose and a maintenance dose of 10mg per day. In patients at high risk for bleeding (body weight <60kg), use of a 5mg maintenance dose can be considered as outlined in the FDA-approved package insert.24 Support for a 5mg prasugrel regimen is derived from small dosing studies that evaluated platelet inhibition rather than clinical events. Outcome studies and clinical experience with the 5mg dose are currently lacking. The median duration of prasugrel therapy was 14.5 months in TRITON-TIMI 38. Current ACC/AHA consensus statements recommend DAPT for 12 months following PCI with drug eluting stents (DES).1 Continuation of prasugrel after the 12-month mark is at clinician's discretion. The DAPT trial, a multi-center clinical trial to evaluate the optimal duration of DAPT (12 months compared to 30 months) began enrollment in October 2009 however data are not expected for several years.26 It should be noted that 30 day landmark analysis of patients in TRITON-TIMI 38 demonstrated that for the primary CV end point, 68% of the events avoided with prasugrel compared with clopidogrel occurred during the highest risk period of the first 30 days after the index ACS/PCI event,25 while 74% of the excess bleeding events occurred during the longer maintenance period from 30 to 450 days.27 Protocols for routine transitioning of patients from prasugrel to clopidogrel within the initial 12 months following ACS/PCI have not been studied. To date, randomized clinical studies have not directly assessed the relative efficacy and bleeding risk of prasugrel vs. high loading dose (600mg or 900mg) and/or high maintenance dose (150mg daily) clopidogrel regimens.
Prasugrel Prescribing Algorithm
The primary goal of the prasugrel prescribing strategy developed at Brigham and Women's Hospital is to harness the increased antiplatelet efficacy of prasugrel vs. clopidogrel for preventing ischemic events, while minimizing the increased bleeding risk associated with prasugrel therapy. To minimize the risk of CABG-related TIMI major bleeding, the prescribing strategy outlined below is designed to defer use of prasugrel if there is the possibility that a patient could require urgent CABG. Thus, the preferred timing to administer the prasugrel load is after the coronary anatomy has been defined by diagnostic catheterization. For the purposes of guiding clopidogrel and prasugrel administration, ACS patients are stratified into two groups based on the anticipated delay between their presentation and start of the cardiac catheterization procedure as outlined below and in Figure 2 . Regardless of whether prasugrel or clopidogrel is administered, we have opted to prescribe DAPT for 12 months following PCI in accordance with ACC/AHA recommendations.1 , 22 We have chosen 12 months despite the fact that the median duration of therapy in TRITON-TIMI 38 was 14 months. In some cases, very high-risk patients (left main stenting, prior stent thrombosis, complex bifurcation stenting) are maintained on DAPT indefinitely however we have no experience with extended duration prasugrel at this time.
Prescribing strategy for STEMI or ACS patients undergoing cardiac catheterization within six hours of initial presentation
For patients that are eligible for prasugrel therapy, standard aspirin and intravenous (i.v.) antithrombotic therapy (unfractionated heparin or bivalirudin) should be administered per hospital ACS protocol. Because of the brief interval (<6h) between presentation and catheterization, neither clopidogrel nor prasugrel will be routinely administered until the coronary anatomy is defined by diagnostic cardiac catheterization. Once it is determined that the patient will be treated with PCI rather than medical therapy or CABG, the patient should be loaded with prasugrel prior to initiation of PCI. Because of the increased efficacy and rapid onset of peak platelet inhibition with prasugrel (≈30min), the strategy of defining coronary anatomy and loading before initiation of PCI will achieve more effective platelet inhibition within a similar or potentially faster timeframe compared to pre-procedural clopidogrel treatment in which inhibition peaks 3-6 hours after loading. In STEMI cases where cardiology determines it is highly unlikely that the patient will require CABG, upstream prasugrel loading prior to diagnostic angiogram can be considered on an individual basis.
Prescribing strategy for ACS patients not proceeding to cardiac catheterization within six hours of initial presentation
Trial data support clopidogrel preloading ACS patients undergoing catheterization or PCI as a mechanism to enhance platelet inhibition and reduce adverse cardiac events (reviewed28). Frequently patients with low acuity ACS, unstable angina (UA) or NSTEMI will be referred for non-emergent catheterization greater than 6 hours after their initial presentation. In these patients, aspirin and antithrombotic therapy (i.v. unfractionated heparin or low molecular weight heparin) if indicated, should be administered according to hospital ACS protocol. At the discretion of the cardiologist, the patient can also be treated with clopidogrel (600mg load and 75mg daily) during the interval before cardiac catheterization. If the decision is made to proceed with PCI, patients not pretreated with clopidogrel should be loaded with 60mg of prasugrel prior to initiation of PCI. If the patient has been pretreated with clopidogrel then a switch to prasugrel should occur at the next scheduled dosing interval for clopidogrel with interchange of prasugrel for clopidogrel at the standard prasugrel maintenance dose of 10mg. Although clopidogrel loading and switching to prasugrel is not directly addressed by clinical trial outcome data, the rationale to dose the next day is in part derived from several small pharmacodynamic switching studies.29 -33 Notably, the FDAapproved prasugrel package insert addresses the process of switching patients from chronic clopidogrel to prasugrel stating, "Discontinuing clopidogrel 75 mg and initiating prasugrel 10 mg with the next dose resulted in increased inhibition of platelet aggregation, but not greater than that typically produced by a 10 mg maintenance dose of prasugrel alone."24 Switching from steady state clopidogrel therapy to prasugrel can be accomplished with or without administration of a loading dose of prasugrel. Dosing studies in healthy patients that examined switching from clopidogrel to prasugrel without prasugrel loading demonstrate gradual increase in platelet inhibition over 36-48 hours. Switching from clopidogrel to prasugrel with a 60mg prasugrel load results in a rapid (<30min) increase in platelet inhibition, which is stronger than that achieved with clopidogrel 75mg daily and slightly stronger than that achieved with the 10mg maintenance dose of prasugrel.30 , 31 The decision to load patients with prasugrel when switching from clopidogrel can be made on a case by case basis after considering the potential ischemic benefit and bleeding risk of a given patient.
Prescribing strategy for ACS patients presenting on maintenance dose clopidogrel
For patients presenting with an ACS on standard dose clopidogrel, once the decision is made to treat with prasugrel, switching from steady state clopidogrel to prasugrel can be accomplished at the next dose as outlined above. If it is uncertain whether the patient is clopidogrel responsive, or if there is uncertainty about clopidogrel compliance, then strong consideration should be given to administering a loading dose of prasugrel at the time of PCI.
Emergency Room ACS treatment protocols and ADP Receptor Antagonist Administration
In order to maximize the ability to treat eligible patients with prasugrel while avoiding prasugrel in patients that will require CABG, STEMI or ACS patients that are going directly to cardiac catheterization in less than six hours will not routinely be given an ADP receptor antagonist if the patient is eligible for prasugrel. Prasugrel will be given once the coronary anatomy is defined prior to initiation of PCI. If the ACS patient is to be admitted with the plan for cardiac catheterization greater than 6 hours after presentation, clopidogrel can be administered at the discretion of cardiology if clinically indicated (as outlined above).
Potential Additional Uses of Prasugrel
Outcome studies comparing clopidogrel to prasugrel in elective PCI have not been completed and data examining the safety and efficacy of prasugrel in elective PCI are lacking. However, at the discretion of the practitioner, prasugrel can be considered for use in the following subsets of high-risk patients treated with elective PCI if the patient is likely to benefit from more potent antiplatelet therapy; (1) Patients for whom stent thrombosis would be catastrophic or lethal, such as unprotected left main coronary stenting or last patent coronary vessel, (2) Patients at high risk for stent thrombosis, including complicated bifurcation stenting, coronary disease requiring multiple stents, or stenting of long artery segments, (3) Patients with a history of stent thrombosis, and (4) patients in whom genotype testing demonstrates homozygous reduced-function CYP alleles and/or platelet function testing demonstrates clopidogrel hyporesponsiveness. When considering prasugrel after elective PCI, clinicians need to carefully assess bleeding risk as the ischemic benefit is likely lower in elective vs. ACS settings, and therefore the margin for net clinical benefit may be narrower. Several clinical studies are underway to assess prasugrel vs. clopidogrel in elective PCI patients.
Summary
Prasugrel is a rapid-acting, potent antiplatelet agent, which has minimal interindividual variability. When administered to ACS patients undergoing PCI, prasugrel reduces ischemic CV endpoints but increases bleeding compared to clopidogrel. In order to balance antiplatelet efficacy for preventing ischemic events and safety with regard to the increased risk of bleeding, we recommend defining coronary anatomy with diagnostic cardiac catheterization prior to treating with prasugrel as method of minimizing CABG-related TIMI major bleeding. Although clinical studies have not directly evaluated prasugrel in elective PCI, prasugrel may be considered in elective PCI patients that have high-risk coronary anatomy, homozygous reduced-function CYP alleles, or clopidogrel hyporesponsiveness measured by platelet function testing after careful assessment of the individual patient's bleeding risk. For the purposes of guiding prasugrel administration, ACS patients are stratified into two groups based on the anticipated delay between their presentation and start of the cardiac catheterization. Diagnostic cardiac catheterization, Dx cath; percutaneous coronary intervention, PCI; transient ischemic attack, TIA; thienopyridine, TP. Patients with renal dysfunction, body weight < 60kg, and history of gastrointestinal bleeding are at higher risk of bleeding, and bleeding risk is elevated with concomitant use of other medications that increase the rate of bleeding. *In STEMI cases where cardiology determines it is highly unlikely that the patient will require CABG, upstream prasugrel loading prior to diagnostic angiogram can be considered on an individual basis. **The decision to load patients with prasugrel when switching from clopidogrel can be made on a case by case basis after considering the potential ischemic benefit and bleeding risk of a given patient. Death from cardiovascular causes and fatal bleeding (Table 2) are not mutually exclusive, since intracranial hemorrhage and death after cardiovascular procedures that were complicated by fatal bleeding were included in both end points. MI denotes myocardial infarction. † P values were calculated with the use of the log-rank test. The prespecified analysis for the primary end point used the Gehan-Wilcoxon test, for which the P value was less than 0.001. ‡ Stent thrombosis was defined as definite or probable thrombosis, according to the Academic Research Consortium; the numbers of patients at risk were all patients whose index procedure included at least one intracoronary stent: 6422 patients in each of the two treatment groups. * The data shown are for patients who received at least one dose of the study drug and for end points occurring within 7 days after the study drug was discontinued or occurring within a longer period if the end point was believed by the local investigator to be related to the use of the study drug. Percentages are Kaplan-Meier estimates of the rate of the end point at 15 months. Patients could have had more than one type of end point. CABG denotes coronary-artery by-pass grafting. † The most frequent sites of life-threatening bleeding were gastrointestinal sites, intracranial sites, the puncture site, and retroperitoneal sites. ‡ One patient in the clopidogrel group had a fatal gastrointestinal hemorrhage while receiving the study medication, but hemoglobin testing was not performed and, therefore, the criteria for TIMI major bleeding (including life-threatening and fatal bleeding) could not be applied and the data do not appear in this table. § Transfusion was defined as any transfusion of whole blood or packed red cells ¶ For major bleeding related to CABG, the total number of patients were all patients who had received at least one dose of prasugrel or clopidogrel before undergoing CABG: 179 and 189, respectively. The ratio is the odds ratio, rather than the hazard ratio, and was evaluated with the use of the Cochran-Mantel-Haenszel test. 
